Evaluation of leukocyte adhesion on polyurethanes: the effects of shear stress and blood proteins.
Leukocytes are a central cell type in directing host inflammatory and immune processes; thus, its response to biomaterials is extremely important in understanding material-host interaction. Blood contacting biomaterials may activate the complement cascade, thus promote leukocyte adhesion and activation to the biomaterial surface. We hypothesize that the extent of complement-mediated leukocyte activation is modulated by the material chemical formulation and the presence of fluid shear stress. Medical-grade polyurethanes with or without 4,4'-butyldiene bis(6-tert-butyl-m-cresol) antioxidant additives and a rotating disk system were utilized to study cell adhesion under a well-characterized shear stress field. Radioimmunoassay and ELISA were employed to assess the extent of complement activity. The results showed that adherent leukocyte densities decreased with increasing shear stress and that leukocyte adhesion was decreased significantly further by the presence of the antioxidant in the polyurethanes. Cell adhesion under flow conditions was abolished when complement C3 protein was depleted from the test medium. An increase in complement Factor H adsorption was observed at high shear region; however, no change in the complete complement activation was observed in the presence of shear stress as indicated by the protein S-terminal complement complex level. Based on these results, oligopeptides designed from C3a, C5a, and fibronectin were grafted onto a cell-nonadhesive polymer surface to probe the molecular mechanisms of leukocyte adhesion as mediated by protein-receptor complexation. The results showed that C3a-derived peptides mediated higher adherent macrophage density when compared to that mediated by C5a- and fibronectin-derived peptides.